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flcatlons  or  otker  data  are  used  for  any  purpose 
Other  than  In  connection  with  a  definitely  related 
goverament  procurement  operation^  the  U.  S. 
Government  thereby  Incurs  no  responsibility;  nor  any 
obligation  TdiatBoever;  and  the  fast  that  the  Govein- 
ment  may  have  formulated;  fumidied,  or  in  any  way 
supplied  the  said  drawings;  specifications,  or  Other 
data  Is  not  to  be  regarded  by  Implication  or  other*^ 
wise  as  In  emy  manner  licensing  the  holder  or  ai^ 
other  person  or  corporation;  or  conveying  ai^  rl^ts 
or  pemlsslon  to  manufacture;  use  or  sell  any 
patented  invention  that  may  In  any  way  be  related 
thereto. 
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INTRODUCTION 


I . 


This  re.gOft  pars  Sent  s  design  data  and  expel:  irnental 
results  on  the  basis  of  Which  an  experimental  approach  was 
evolyed  for  the  investigation  of  torsional  fatigue  in  fluid 
environments  under  Phase  II  of  Alloyd  Electronics  Gorporation 
program  63-63EOC-1  during  the  period  November  1,  1962  to 
February  1^  1965.  In  addition,  preliminary  resuits  of 
fatifue  life  of  AlSl  E-521>00  steel  in  different  fluid 
environinents  is  presented  s 

The  object  of  this  investigation  is  two-^fOld;  to 
provide  torsional  fatifue  deta  on  tool  steels  in  lubricat'^ 
ing  enyironments  and  to  generate  basic  knowledge  of  the 
effect  of  fluid  enyironment  on  the  deformation  meGfeanisms 
which  result  in  fatigue  failure.  Although  the  varied  effects 
Of  fluid  environment  on  fatigue  life  have  been  well 
doeUrhented  in  the  literature,  little  basic  information  on 
tbe  material-'f iuid  interaction  and  its  effeet  on  the 
deforination  mechanisms  has  resulted, 

II,  TQRSIQNAb  FATIGUE  STUDIES 

A .  Desicfn  of  Apparatus 

The  design  of  the  torsional  fatigue,  machine 
and  torsion  specimen  was  presented  in  progress  Report  No  .  6. 


This  maGhine  GGnsiStedi  of  a  large  mild'  steel  block  into 
which  one  end  of  the  specirnen  was  rifidly  niountedo  A 
lever  arin>  was  attached:  to  the  free  end'  Of  the'  s^pecinieni 

This  lever  arirn  was  to  be  driven  at  one  end  by 
an  alternating'  current  electroiiiagnet  „  The  resultant 
periodic  motion  Of  the  lever  arm  in  turn  would  place  the 
specirnen  in  torsion  with  the  same  period  of  oscillation 
as  the  lever  armi 

buring  this  reporting  period  the  torsion  fatigue 
machine  was  built ,  Three  alternating  current  electro- 
magnets  were  purchased  from  iEngineering  specialties  (Company. 
The  magnets  are  capable  of  producing  fields  of  five,  ten 
and  twenty  pounds  Of  force,  respeGtively,  over  a  Wide 
j^^ge  ©f  fregueneies, 

The  electronics  to  power  the  magnets  were  also 
purchased  and  ConstruCted„  The  power  circuit  consists  of 
an  Altec  i60  Ampere  Amplifier  and  a  .Hewlett-Packard  ilodel 
202C  Low  Frequency  Oscillator  to  adj'Ust  the  f,requency  of 
the  magnet  to  the  natural  frequency  of  the  lever  arm- 
torsion  specimen  combination „  The  electronics  include 
variable  capacitance  which  can  be  added  to  the  power  circuit 
either  in  parallel  or  in  series  with  the  magnet  in  order 
to  adjust  the  impedance  of  the  circuit. 
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Tiie  ftagnets  also  have  a  resohahGe  peak  at  which 
the  inaghetic  flux  is  maxiffiiiroc  This  resohahce  peak  cah  fee 
a,itefe<a  Ghaiigihg  the  totai  iffipedahce  ©f  the  magnet  circuit  4 
As  a  result  the  magnetic  resonanGe'  can  he  tunedi  to  GorrespOnd 
to  the  natural  Ereguency  ©f  the  lever  arm“SpeGimeh  eoffihihation 
giving  the  maximum  torsional  stress  and  strain. 

B.  Lever  Arm  Specimen  Modifications 

initially,,  mild  steel  specimens  were  fahricated 
in  order  to  find  a  desigh  that  would  give  the  stress  levels 
necessary  for  achieving  torsional  fatigue  in  short  time 
tests  4  These  practiee  specimens  Were  made  with  a  2  inch 
gauge  length  and  diameters  ©f  1/8  inch>  l/%  inch  and  5/8  inch. 
These  specimens  were  tested  in  air. 

It  was  found  that  hoth  the  1/4  inch  and  %/§  inch 
diameter  spe,cimens  had  natural  freguenctes  to  which  the 
magnetic  resonance  could  fee  easily  tuned.  However,  the 
force  supplied  fey  the  magnet  was  not  sufficient  to  drive  the 
specimens  at  stress  levels  afeove  20,000  psi. 

Using  the  thinner  specimen,  the  natural  frequency 
was  greatly  reduced  and  the  magnet  could  not  fee  tuned  to 
give  sufficient  force  at  this  frequencies  to  drive  the 
specimen  at  50,000  psi. 

In  order  to  overcome  these  difficulties,,  the 
torsion  specimen-lever  arm.  oomfeinatipn  Was  redesigned  to 
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tlae  diitiensions  of  Figuareis  1  arid  2,  res|)ectively . 

The  redmGed'  gaugie  leagth  df  this  s^eGimeh  arid  the 
tapered  fever:  arm  reisult  iti  a  higher  riaturai  freguehcy;  iiS. 
oiie  vhich  mote  ciosely  corresponds  to  the  resonance  peak 
of  the  electfomaginet i  Furthermore,,  the  longer  lever  arm 
and  shorter  gauge  length  result  in  a  sufficiently  high 
magnetic  force  tc  twist  the  specimen  at  the  stress  levels 
neGessary  for  short  time  iatigue  failure  to  take  place . 

With  this  GOmhiaation  the  natural  frequency  is  96  cycles 
per  second  and  in  1  hour  the  specimen  is  given  545^600 
complete  stress  cycles „ 

0.,  Materials 

Rod  stock  of  hoth  vacuum  melted  and  air 
melted  02100  steel  was  obtained  from  the  crucible  steel  Co, 
The  eOmpOsitions  of  these  steels  are  shown  in  Table  I . 

TABILE  I 

eompOsition  of  Torsional  Fatigue  Specimens 


Material 

e  m 

p 

s  ^ 

Ni  cr 

Mo 

cu 

Air  Melted 

5 2100  Steel 

1.05  0.55 

0.009 

0.010  0.02 

0,.20  1.08 

0.07 

0.10 

Vacuum 

Melted 

5,2100  steel 

1.05  0.55 

OoOGT 

0.007  0-,25 

0,08  1.44 

0.00 

0 , 09 

Figure  1  -  Modified.  Design  of  Toarsiohal  Fatigue  Lever  Arih 


Figure  2  ^  Modified  Design  of  Torsional  Fatigue  Speciinen, 


Initially the  program  will  fee  GonGerned  with 
air  melted  521'Q0'  steel..  Tfee  as-reGeived  stock  was  annealed 
at  1S3’0°F  for  15  minutes  and  furnaGe  Gooied  In  order  to 
facilitate  maefeining.  Tfee  stock  was  tlien  macfeined  to  tfee 
dimensions  of  Figure  2. 

Bi .  Testing  Environments 

TWO  types  of  oils  were  cfeosen  as  testing 
environments  for  52100  steel,  turfeine  oils  and  paraffin 
fease  mineral  oils .  A  group  of  turfeine  oils  answering  the 
speeification  M1L-L-2190T  and  having  viscosities  from 
150  to  i§0  centistokes  at  ioo°F,  and  a  group  of  parrafin 
fease  mineral  oils  of  viscosities  from  5  te  10  centistokes 
at  100 ®F  were  ofetained  from  the  Mofeil  Oil  Gompany, 

III.  MATERIAL  PREPARATION  AJSH)  TESTING 

A .  Preparation  of  52100  Steel 

It  was  decided  to  use  52100  steel  in  three 
conditions.;,  (l)  annealed  at  1550 °F  and  furnace  cooled 
giving  a  Rockwell  G  hardnoss  of  ITj,  (2)  annealed  at  1550“F 
and  oil  quenched  followed  by  a  2  hr,  temper  at  275**? 
giving  a  Rockwell  C  hardness  of  65;  (5)  annealed  at  1550“F 
and  oil  quenched  followed  by  a  5  hr,  temper  at  375 “F 
giving  a  Rockwell  C  hardness  of  55 . 

After  machining  the  stock  to  the  dimensions  of 
Figure  2;  the  specimens  are  given  the  above  heat  treatments 

in  a  hydrogen  atmosphere  in  order  to  eliminate  any  scaling , 

a. 


The  sfeGiintens  are  ^heii  pla;ce<^:  on  a  lathe  and.  lapped  with  a 
very  fine  paper  to  remove  surfade  irregulaties  and  points  of 
stress  concentration  * 


B.  Measurement  of  Stress  Level 


The  elastic  fiher  stress  in  the  specimen  is 
given  hy  equation  (i,)  : 

T  =  (1) 

2Jg 

Je  ^  Trd^/52  (  2  ) 

where  jg  is  the  polar  monsent  of  inertia^  T  is  tha  torque 
acting  On  the  specimen  and  d  is  the  specimen  diameter. 

The  torque  T  is  given  by; 


T  =  P  'ix  r 


where  r  is  half  the  lenfth  of  the  lever  arm  and  p  is  the 
force  acting  normal  to  the  end  of  the  lever  arm,  The 
torsional  stress  can  then  be  expressed  as: 

t  (*) 

irdP 

The  stress  can  be  calculated  from  Equation  (l)  by  finding 
the  force  on  the  lever  arTn,  The  problem  can  be  further 
reduced  to  measuring  the  deflection  of  the  lever  arm  by 
mahing  a  static  load  vs.  deflection  curve,  Thus  by 
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measuring:  the  defieGtion  of  the  iever  arm  and  fiading  the 
force  neGessary  for  this  defieetion,  the  fiber  stress  Gan 
be  GalGulated. 

Several  teGhnigues  for  measuring  the  deflection 
of  the  lever  arm  were  tried ^  These  inGluded:  (!)  direct 
viewing  Of  the  end  of  the  lever  arm.  through  a  telescope^ 

I 2)  eleetriGaily  reading  a  signal  resulting  from  the  change 
of  capacity  of  two  parallel  plates  one  of  whieh  was 
StatiGnary  and  the  other  attached  to  the  oscillating  lever 
arm  and  (5,)  placing  the  point  of  the  lever  arm  at  a  high 
voltage  and  traeing  the  motion  of  the  point  by  the 
eleettioai  discharges  through  a  sensitized,  papers 

The  latter  technique  was  found  to  be  the  most 
aGCurate  and  reliable  methods  with  this  teehnique 
deflection  can  be  fead  with  an  accuracy  of  0.005 
inches  or  to  ±  li500  psi. 

IV,  PRELIMINARY  EXPERIMENTAL  RESULTS 

With  the  speeimen  dimensions  finalized  to  a  1/2 
inch  gauge  length  and  1/8  inch  diameter,  fabrication  of 
speeimens  of  52100  air  melted  steel  was  begun. 

A  static  loading  curve  was  made  by  loading  the 
lever  arm  in  increments  of  100  grams  or  8510  psi  and  measuring 
the  deflection  of  the  lever  arm.  The;  curve  is  shown  In  Figure  5- 
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TOTAL  deflection:,  INCHES 


static  Deflect  ion  Curve  for  fully  Annealed 
52100  Steel  with  1/8  inch  diameter  and 
1/2  Inch  gauge  lengths 


Testing  of  the  52100  specimens  was  begun  and'  it 
was  found  that  at  a  maximum  fiber  stress  of  7C>j000  psi 
failure  took  place  in  lj244j,,000  cycles.  Testing  in  the  low 
viscosity  turbine  oil  at  the  same  stress  level  produaed 
fatigue  failures  in  652^400  cycles  while  in  the  high 
viscosity  turbine  oil  the  number  of  cycles  to  failure 
increased  to  744,000  cycles. 

The  initial  test  specimens  did  not  break  on  the 
theoretical  plane  45°  to  the  specimen  axis.  This  provided 
evidence  that  the  loading  was  not  pure  torsion  but  that 
some  reversed  bending  was  present  in  the  specimen i  The 
addition  of  a  support  to  the  torsion  machine  to  eliminate 
the  bending  stresses  has  resulted  in  failures  on  the 
theoretical  45°  plane  for  pure  torsion. 


FUTURE  WORK 

During  the  next  reporting  period  work  Will  continue 
to  evaluate  the  fatigue  life  of  52100  steel  as  a  functien 
of  applied  stress,  prior  heat  treatment,  lubricant  base 
stock  and  lubricant  viscosity.  Metallographic  examination 
of  52100  steel  fatigued  under  the  various  conditions  will 
be  initiated  in  order  to  determine  the  metallographic 
changes  that  ae-oompany  fatigue  failure. 


10 


